tency [5] . In the UK, polypectomy assessment has now been deemed mandatory as part of the colonoscopy certification process, with trainees having to demonstrate competency in the removal of polyps up to 1 cm for provisional certification, as well as meeting key performance indicators including cecal intubation rate, sedation practice, and polyp detection rate to obtain provisional certification.
Full certification for colonoscopy and polypectomy is subsequently awarded with evidence of at least four satisfactory DOPyS, with a minimum of two assessments tackling both sessile and pedunculated lesions and a period of independent practice of a further 100 colonoscopies.
The American Society for Gastrointestinal Endoscopy (ASGE) has developed a competency framework for colonoscopy, including both cognitive and motor skills, to improve training and assessment of colonoscopy including polypectomy [7] . This assessment of competency in endoscopy (ACE) tool is similar to the colonoscopy DOPyS utilized in the UK.
It is unclear whether other countries have highlighted polypectomy as a specific skill that needs to be taught. There are also no data on how training and assessment of polypectomy are currently delivered around the world.
Aims
The principal aims of the study were to assess both trainees' and trainers' experience of polypectomy training in countries around the world and to ascertain which guidelines exist for polypectomy competency assessment.
Materials and methods

Participants
International leaders in the field of colonoscopy, many of whom belong to the World Endoscopy Organization (WEO), were initially asked if they were willing to take part in an international survey. If there was no representative identified from the WEO, or the endoscopist declined to participate, an email was sent to an endoscopist known to be interested in training asking if they wished to participate in the survey.
Local representatives in each country were asked to provide email access to a national database of trainees or, where this was not available, a regional list of endoscopy trainees comprising where possible those with both a medical and surgical background. A further list of endoscopy trainers was also requested.
Guidelines
Each representative was asked to forward guidelines from their respective countries relating to polypectomy training and competency assessment. If no guidelines existed, members were asked to confirm this.
Survey
An online survey was created asking separate questions to trainees and trainers. The survey was administered in English and emailed to all participants in 2014. No further guidance on completing the questionnaire was given. The information sought is shown in ▶ Table 1 . Completion of all applicable questions was mandatory to successfully submit the survey.
Results
Participants
Data were obtained from 610 colonoscopists. Of these responses, 348 (57.0 %) were from trainers and 262 (43.0 %) from trainees. In total, 19 countries or territories were represented in the survey spanning five continents ( ▶ Table 2 , ▶ Fig.1 ).
Trainers
Trainers originated from all 19 countries participating in the survey ( ▶ Fig. 2) . Responses where the country of origin was outside the surveyed countries have been classified as 'Other'. The largest contribution to this part of the survey came from Spain, with 86 responses recorded.
The majority (92.2 %, 321/348 respondents, 95 %CI 89.4 -95.1 %) of trainers had their origins in medical gastroenterology, with 6.6 % (23/348 respondents, 95 %CI 4.0 -9.2 %) having a background in surgery.
Trainees
Trainees from 17 countries responded to the survey ( ▶ Fig. 3 ). The two countries from which no trainee responses were obtained were Germany and Nigeria.
Again, the majority (90.5 %, 237/262 respondents, 95 %CI 86.9 -94.0 %) of trainees had a primary specialty of medical gastroenterology, with a small proportion (3.8 %, 10/262 respondents, 95 %CI 1.5 -6.1 %) training in surgery. Holland Poland ▶ Fig. 1 Countries or territories participating in the study.
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Trainer survey
The majority (79.6 %, 277 respondents, 95 %CI 75.4 -83.8 %) of the 348 trainers surveyed were involved in trainee polypectomy assessment weekly ( ▶ Fig. 4 ). Twelve respondents (3.4 %, 95 % CI 1.5 -5.4 %) considered themselves polypectomy trainers but never formally assessed their trainees' competency at polypectomy and 11 trainers (3.2 %, 95 %CI 1.3 -5.0 %) stated that they only performed assessments annually.
Awareness and utilization of guidelines
A small majority of trainers (58.9 %, 205/348 respondents, 95 % CI 53.7 -64.1 %) were aware of the existence of guidelines about training in polypectomy. Of this group, 180 stated that they used polypectomy guidelines when training endoscopists, with 25 (12.2 %, 95 %CI 7.7 -16.7 %) not using any guidelines. Multiple responses were received from trainers when asked to state the guidelines that they used. The most commonly cited guidelines, mentioned by 50 respondents were the ASGE guidelines. Significant numbers also said that they used BSG, AGA, and European guidelines ( ▶ Table 3 ). Participants were not asked to select from a list of known guidelines as the question was designed to test what training guidelines trainers perceived existed. For example, the AGA or ESGE do not have a specific guideline on polypectomy training.
Just over half (51.1 %, 178/348 respondents, 95 %CI 45.9 -56.4 %) of the trainers surveyed said that they used a framework when assessing polypectomy. Most of these individuals (130 respondents) were those who used polypectomy guidelines to train other endoscopists.
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Polypectomy experience
Trainees were asked whether they had been formally taught the principles behind polypectomy. A minority had never received such teaching, with approximately half (51.1 %, 134/262 respondents, 95 %CI 45.1 -57.2 %) stating that these principles had only been taught intermittently. A significant minority (8.4 %, 22/262 respondents, 95 %CI 5.0 -11.8 %) of those who had performed the most colonoscopies had never been taught about polypectomy ( ▶ Fig. 6 ). Most (64.1 %, 168/262 respondents, 95 %CI 58.3 -69.9 %) trainees had never been taught the principles of endoscopic mucosal resection (EMR). Of those with the most experience, having performed more than 500 colonoscopies, 49.4 % (41/83 respondents, 95 %CI 38.6 -60.2 %) had received teaching on the theory behind EMR ( ▶ Fig. 7) .
Use of guidelines
A minority of trainees used guidelines to direct their polypectomy training. In total, 32.8 % (86/262 respondents, 95 %CI 27.1 -38.5 %) used national guidelines but a larger proportion, 43.1 % (113/262 respondents, 95 %CI 37.1 -49.1 %), were aware of the existence of guidelines but chose not to use them. Seventeen ▶ In house/local 13 trainees quoted American guidelines, encompassing the AGA and ASGE, and all 22 trainees from the UK stated they used guidelines when training utilizing JAG guidance. No trainees from outside the UK mentioned JAG or DOPyS, instead usually referring to their own national or continental guidelines. 
Hands-on training
Large polyps
Most trainees had not received training for larger polyps, those over 10 mm. Overall, only 32.8 % (86/262 respondents, 95 %CI 27.1 -38.5 %) said that they had been taught specific skills to deal with these larger lesions. Of those with the most colonoscopy experience, who had performed over 500 procedures, 48.2 % (40/83 respondents, 95 %CI 37.4 -58.9 %) had had large polypectomy instruction (▶ Fig. 8) .
Trainees who deemed themselves competent had had similar levels of training for larger polyps with 42.9 % (76/177 respondents, 95 %CI 35.6 -50.2 %) having been trained specifically in this way.
Guidelines review
Responses were received from each of the local representatives outlining polypectomy training in their own country (▶ Table 4). Only a minority of countries had specific guidelines devoted to polypectomy.
Discussion
Fifteen of the 19 countries surveyed had no specific guidance on how polypectomy competency should be documented or how trainers should undertake assessing trainees. Even in countries where such guidance does exist, such as the UK, a significant proportion of trainees were unaware of such guidance or did not use it in their training. Both of these issues need addressing.
There have been significant recent advances in endoscopic knowledge and techniques and it seems prudent that trainees benefit from this to improve patient outcomes. As a result of the increased risk of perforation [8] , the demise of hot biopsy as a method for removing diminutive polyps is a good example of the importance of ensuring trainees are instilled with both the appropriate technical and judgment skills necessary to perform polypectomy safely. In an era where the utilization of polypectomy as a tool to prevent colorectal cancer in often healthy individuals is increasing inexorably, the gaps in training identified by the survey are concerning.
Only a small majority of trainers in the survey were aware of national guidelines with regard to polypectomy assessment. The analysis of these guidelines demonstrated little reference to the mechanics of polypectomy assessment and training, instead largely referring to documents detailing surveillance intervals for patients with polyps. It is likely that most trainers internationally did not have access to validated formal guidance on polypectomy assessment.
In addition, most trainers did not have a structured way in which to assess polypectomy, which makes the reproducibility of both teaching and the assessment of competency of trainees challenging, especially when several trainers have differing approaches.
Only a minority of trainers had received training themselves on how to assess competency at polypectomy. Previous work has shown that there is significant variability in both polypectomy technique and assessment of competence [5] . With complex, multi-step tasks such as polypectomy, a standardized approach across trainers and different centers is likely to benefit trainees and improve the rate of skills acquisition.
Almost 80 % of trainers described themselves as performing weekly polypectomy assessments, yet only 53.1 % of trainees stated that their polypectomy technique had been assessed formally. This discrepancy may be due to a mismatch in the centers where trainers and trainees responding to the survey were located. It is disappointing that, internationally, a significant number of trainees were aware of the existence of national guidelines specifically relating to polypectomy but did not use them in their own training. There are likely to be myriad reasons for this including individual motivation, perceived lack of relevancy, and the attitude of trainers.
The lack of specific training in EMR and larger polypectomy is also a concern. Many trainees in the survey had completed what would be regarded as very significant numbers of colonoscopies, yet had never been taught or assessed on polypectomy. The concern is that some endoscopists may be deemed competent at therapeutic colonoscopy including polypectomy after attaining high performance metrics at diagnostic colonoscopy only. These colonoscopists may be exposing patients undergoing polypectomy to an excess risk. The British Society of Gastroenterology has recently published guidelines with a suggested training path for endoscopists wishing to undertake EMR of larger lesions [9] .
In the UK, the differences between training in colonoscopy and polypectomy are addressed by having a two tier certification system whereby trainees are first judged competent at diagnostic colonoscopy and sub-centimeter polypectomy, and only then can progress to performing supervised polypectomy on larger lesions with full certification thereafter.
The vast majority of publications relating to competency in colonoscopy relate to the skills required to attain the technical ability to reach the cecum reliably [10 -14] . It is only recently that a consensus has developed on the number of colonoscopies that trainees need to perform to be able to pass the endoscope safely to the cecum [15] .
The reasons for this focus are likely to be twofold. First, in the past, diagnostic colonoscopy skills were often poor with significant numbers of patients undergoing incomplete colonoscopy [16] . Diagnostic standards have risen in many countries but it seems that training in therapeutic colonoscopy needs to undergo a similar transformation.
Secondly, measurement of the cecal intubation rate is a simple binary outcome for each patient. As such, this lends itself to easy measurement and analysis. In contrast, polypectomy is only performed in a minority of patients and the skills involved differ significantly between patients due to the inherent complexities of the technique.
In addition, whereas the cecal intubation rate is widely accepted as a quality mark for colonoscopy, no such consensus exists for the quality of polypectomy. The DOPyS has endeavored to bridge this gap and has gained some international acceptance but this is by no means universal. It is clear however that competency in diagnostic colonoscopy does not confer similar competency in therapeutics [5] . The introduction of DOPyS into English Bowel Cancer Screening accreditation was in direct response to the initial process testing diagnostic colonoscopy skills to a high standard but neglecting the key mandatory therapeutic aspects of the procedure.
Some international guidelines specify a minimum number of snare polypectomies but it is increasingly appreciated that assessment based on procedural volume is outdated and instead, assessment should be focused on competency-based training identifying the achievement of milestones. This is the broadest geographical survey to have ever been conducted, specifically assessing the international experience of polypectomy from countries around the world. The inclusion of both trainees and trainers from geographically disparate areas is a strength.
However, the method of recruitment of those to be included, partly through the expert forum of the WEO and partly through personal contacts interested in training in endoscopy, is likely to have resulted in significant selection bias with endoscopists at higher volume, academic centers more likely to have been represented. These endoscopists were more likely to formally assess polypectomy of trainees and also be aware of and use guidelines. This bias is most likely to have been reflected by these results showing the best case scenario: it is likely that the overall training landscape in the countries surveyed is poorer than that represented in this study.
In addition, the majority of responses came from Europe and North America with a minority from Africa, Asia, and Australasia, which may diminish the representativeness of the survey. Due to the recruitment strategy, some individual countries were over-represented in the results and this is likely to have skewed the data to some extent. In many cases, particularly but not exclusively in the developing world, it was not possible ▶ Table 4 Polypectomy training requirements in countries surveyed.
Country
Polypectomy guidance to survey the entire nation's endoscopic trainees as many countries do not keep reliable central databases of those undergoing endoscopic training. This study assessed polypectomy at large. Further knowledge gaps and variations in teaching and assessment are likely for more complex techniques such as cold snare polypectomy and saline cushion-assisted polypectomy. Another limitation is that the degree of supervision for colonoscopy was not assessed; it is likely that some of the trainees may have been performing colonoscopy and polypectomy without direct in room supervision by a trainer.
In conclusion, there is a need for an international consensus as to what constitutes a competent polypectomy. In addition, the learning curve for this procedure and its variants needs to be defined to provide guidance to those learning therapeutic colonoscopy so the many successes of colonoscopy in preventing colorectal cancer are not marred by iatrogenic complications. Those delivering training need to be trained themselves to ensure standardization in the methods they use to teach and assess trainees in this complex skill.
